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Abstract
We propose to examine at Fermilab energies the coherent excitation of

particles impinging on nuclei. Our experiment will probe the interactions

of.i, K~ and m with the nuclear Coulomb field (Primakoff production)

as well as the diffractive dissociation of these elementary particles

into two-body systems via Pomeranchukon exchange. The specific ob-

jectives of the experiment,which can only be attained at Fermilab energies,

are the following: (1) Definitive measurements of the radiative widths

; and K*(lhzof: (2) Determination of the Pomeranchukon-

exchange contribution to the coherent production of Kf(lhEOT'and Aé

- #* —
of the p, K (890), A

mesons. (3) Survey of the spectroscopy of the as yet unexplored high-
mass Yy, ™ 7Y, Ky and K n°y systems. To achieve these goals we
propose the construction of a new high-resolution forward V-spectrometer,
with high data-rate acquisition capacity.,and excellent ecapability for

¥ detection. We propose to execute our experiment in 900 hours of

beam time.




I. Physics Justification

(1)

The review of Berlad et al has emphasized the increasing im-

portance of electromagnetic effects in hadron-induced reactions at

(2) (3)

high energies., Nagashima and Rosen s Stodolsky , and Berlad et &l
have stressed the great variety of exciting physics problems which can
be probed as a result of the dominance of the one-photon exchange
mechanism at FNAL energies. Of particular interest to us is the measure-

(1)

ment, through the Primakoff effect . of the radiative decay widths
of the vector and tensor mesons.

Some of the most straightforward tests of unitary symmetry schemes
are avallable via predictions relating such parameterém. Measure-
ments of the radiative widths of the K (890) and of the p meson have
(6)

. recently been reported from BNL, As was remarked in the initial
Proposal #272, these measurements were not expected to be completely
definitive due to background sources present at AGDS energies. That is,
in order to measure the radiative decay width of, for example, the

K (890), it is essential to extract the Coulomb part of the K (890)
coherent production amplitude. The diagram of interest for a K-meson

impinging on & nuclear target of charge Z is:

K K*(890)
z % Y

Z

At AGS emrgiesalarge mo exchange amplitude also contributes to coherent
K*(890) production. The presence of this hadronic-exchange process makes
it difficult to separate out the Primakoff term required to obtain the

*
rate for the K (890) » K + y decay.




In Fig. 1 we present a comparison of the recent results for K*(890)O

(6) with those expected at Fermilab (150 GeV/c). At

production from BNL
BNL energies the extracted radiative width of the K*(890)-is very sensi-
tive to the w -exchange contribution (TS amplitude), while at 150 GeV/c

a measurement of at least *15% accuracy is expected, independent of the
relative phase of the Coulomb (Tc) and strong production amplitude.

(The experimental resolution has been folded into the curves for 150 GeV/c.)
Consequenély, because the wo—exchange cross section falls with inpreasing
beam momentum (PL) as -~ 1/PL, while the Coulomb term grows substantially

#*
with P it is clear that measurements of the radiative widths of K (890)

L,
and p mesons far superior to those completed at the AGS are feasible at
Fermilgb energies., Also, measurements of the radiative widths of the

*
tensor mesons (K (1k20) and A2), which cannot be performed at lower
(7)

energies because of kinematic damping (tmin)’ are possible at FNAL.

We wish to point out that the XK*(890) and p measurements at AGS energiégg
although not definitive, are nevertheless of great interest in that they )

indicate that the widths are asbout a factor of three smaller than expected

from SU(3) predictions. Consequently, it is even more important at this

time to verify these results and perform the experiments with more precision.

The cross section for the electromagnetic production of a resonance

of mass M¥ and spin S* in the Coulomb field of a target nucleus (A) of charge

(%)

Z is given by:

do _ 25% + 1 2, MY |3 o (b=t )

- = ——— 8maz (—————-mo)"T lF(t)I 10
+

at = 25 +1 w2 _ 2 2

Here t is the square of the momentum transfer to the nucleus, F(t) is
the nuclear form factor, tmin is the kinematic minimum for t,and FY is the
radiative width for the process M*¥ > M+ Y. M and S are the mass and

spin of the impinging projectile particle.
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6)

Using the measured values for the radistive widths of the vector mesons
and similar rates for the tensor mesons, we have estimated (Tables I,II) yields
from Coulomb—induced sources for the resctions:

K¥7(890) + Z o -
K™+ 7~ }-*KS?T Z or K™ mOgz (1)
K*~(1420)+ 2 : ,

p ~(760) + Z

™ + Z - } - K: X % or 102 (2)

Ae" (1320)+ 2

Other interesting non-resonant processes are also expected to contribute
to both reactions. Of particular interest are the photon-meson two-body

scattering processes:
- -0 - - - -0
Ky->X7 ,nmy~+K Kz, or MY-=>"1Tm

In addition to probing the symmetry questions discussed above,
we also hope to examine, at the same time, a region of physics which
has hitherto been largely unexplored. This is the regime of
direct Ky and wy interactions. At Fermilap energies, the nuclear
Coulomb field provides the unique opportunity for studying these pro-
cegses in some detail. The particular reactions we have in mind are the
kind which may involve suppressed couplings to hadrons but possibly large
radiative widths. (This is, of course, not the case with the known low-mass
objects such as K*(890), p, ete.) Although we have no specific models
in mind, the color schemes based on the work of Han and Nambu [Phys. Rev.
139, B1006 (1965)] would suggest that an investigation of réactions
such as: Ky Ky, Ty > 7m0y, TYy>TY, etc., namely, reactions
which involve purely radiative channels, would be of great importance.

If color schemes are spplicable to hadrons then narrow-width (T < 1 MeV)
"

s
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resonant channels might be observable in such reactiéns at masses in
the 2 GeV - 3 GeV range. If the elastic widths of these states are
approximatelygl/'gf.the wy - mr  transition in the region of the p
mass, then we would detect ~100 event signals in the 7y mass produced
through cocherent coulomb processes. The background to these reactions
would be due t0 processes wherein only a single vy from a T or no
materialized in our y detector. If we use -5 radiation lengths of Pb
in our Pb/Scintillator veto counters, and a Yy detector of the kind we
envision (see later), we expect that this source of background will be
at a level of £0.02 per ° (in the trigger). This corresponds to an
estimated post off-line analysis background of <300 events per full

mass-resolution width in the 2-3 GeV 7Y mass range. The yields in the

K-Y channels may not be high enough for these studies.

Aside from Coulomb production of objects such as the JP = 2+ A2 aﬂd
K*(1420), we can also envision the strong p?oduction of these mesons via
Pomeranchukon (ﬁﬁ exchange.(8) Although folklore has it that the coherent
dissociation of mesons can only proceed via the "Morrison rule" (that is,
AP = (-1)J), this rule has not been tested under favorable - i.e., low
background-conditions. We note that theVéﬁésﬁibn of cohei'en’t‘A2 Pro~
-duetion was a somewhat'speculative aspecf of the originai Proposal #272;
it now appears, however, that this process has recently been observed
at AGS energies(g) and the degree’of Pomeranchukon-exchange dominance
in coherent A2 production has therefore become a particularly interesting
gquestion in strong-interactions phenomenology.

The observation of coherent A2 production on large nuclei has been

(9)

reported in reactions such as:

™+ Z > (mww) + 2




These three-body dissociations, however, contain large backgrounds from

the A, which make the presence of a small gF=ot component in the data diffi-
cult to discern in an unambiguous way. In concentrating on ccherent

A2 or K*(thO) production, utilizing the two-body decay channels avail-

able to these tensor mesons (A; -+ K.K: or 7 1° and K* + K1° or ﬂ“K:),

has the great advantage of reducing A; and Q backgrounds to these in-
teresting processes by one to two orders of magnitude. Consequently,
examining the coherently produced two;meson mass spectrum at FNAL

energies will provide a stringent test of the Morrison rule (away from
tztmin) and of our ideas concerning the P trajectory in the inelastic

regime. A reasonable estimate of the total amount of A2 production

through this process is 2-5% of the Al yield on hydrogen.(g’lo)

Consequently, we expect reactions (1) and (2) to contain information
pertaining not only the the Coulomb-induced processes but also to phenomena
involving P-exchange. The two separate contributions to reactions (1)
and (2) will differ significantly in their t-— and Z-dependences, and will
provide two-body final states which can be analyzed in a straightforward
manner to extract radiative widths and relative magnitudes and phases
of the two production amplitudes. {In Fig. 2 we provide data from E#27
on neutron dissociation into pm systems off C and Pb nuclear targets;(ll)

the t-spectra clearly illustrate the separate presence of the Coulomb

and diffraction dissociation contributions, and their dependence on Z.)

o Bt gt



It is worth pointing out that because we will measure radiative
widths using both the sz" and X"1° decay modes of the K¥'s, we will
have excellent checks on the systematics of each final state. A similar

check will be available for the A; measurements (i.e., A; -+ K-KZ com-

parison with A, > an° > T yy).
Two other two-body processes which we wish to examine are the pre-

dominantly hadronic diffractive dissociations:

K 2+ADZ (3)

P Z+AKZ (4)

These reactions can also be used to examine the nature of the P trajectory
. (12) | A= (ex
as well as to search for possible resonance structure in the Ap (K¥)

(13,14)

system. We wish to stress that the A and K decays will provide us

with heretofore unavailable polarization data for diffractive ;;élastic
channels. .

We expect the Coulomb induced transitions for reactions (3):and (&)
to be comparable to the IP -exchange confributions, and consequently,
we expect to observe contributions from both the nuclear and the Coulomb
processes. (As usual, the Coulomb cross sections will have a steeper
t-dependence and will scale like Zg, while the TP -exchange cross section

(1)

will behave approximately as lF(t)[g, and have a weaker 2 dependence

In addition to the two-body (charged-particle piagpﬁ'or vo) decays of
coherently produced objects, we plan to study for normalization and com-
parison purposes the more usual three body decays:

LA (5)
K2+ Kninz (6)

PPz | (7)
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These data can be obtained easily and rapidly through a minor modification

of the trigger in our proposed spectrometer system.

Tables I, II and IIT enumerate the results of Monte Carlo acceptance
and resolution studies for the final states of interest. The yield for

Coulomb-induced processes are based on the recent measurements of radiative

(6)

Theoretical rates based on the vector

(1)

widths of the K*( 890) and the p.
dominance hypothesis have been assumed for A2 and K¥(1L20) production.
We have also assumed that the diffractive dissociation channels will not
exhibit strong energy dependence but will remain at the levels observed
at,BNL.(g) Resolution and acceptance were calculated using the spectrometer
arrangement shown in Fig. 3 {see next section).

The anticipated event rates are >500 events per‘hour for the negative-
particle beam M-1 of the Meson Detector Building of Fermilab. Because
‘of the low beam-fraction of p and K’ particles, most of the yield will
be from T induced channels. However, the K~ and p data will be clean,
and the expected number of K*(SQO) events, for example, will be ~20,000;
a number which is sufficient for the precise extraction of the radiative
width. (The yields for p - pme dissociations will, of course, be quite

large and can be used for comparison with the results of E 305.)

IT. Experinental Egquipment

The major hardware items required for the execution of this experi-
- ment are indicated schematically in Fig. 3. The elements of importance

are described more fully below,

1. The Beam

The Beam is to be a high energy high intensity negative-particle

b -

beam such as the M-1 beam, capable of providing ~lO6 T and ~5 X 10




over a one second spill time. With the upgrading of the Meson Lab to
LOO GeV/c primary proton energy, we request running at 150 GeV/c and
300 GeV/c secondary beam momenta. We requireal-2 mm beam spot on the
target, with a momentum resolution %?‘x 0.3%, and an angular resolution

for the projectile particle of <0.03 mr. Consequently, we require the

momentum tagging system at the first focus of the M1l beam;
we will provide two sets of proportional multi-wire planes

preceding the target in the low bay area of the Meson Lab., For
particle 1dent1flcatlon we need the two DISC and one threshold counter ‘

presentlv 1n.the beam,

We are presently investigating the possibility of enriching
the K~ fraction in the M1l beam through the use of-selective hadron
filtering at the triple focus in the beam. Preliminary indications
are that thé K~ fraction may be increased by about a factor of two
without seriously affecting the quality of the beam. The loss in
flux can be compensated for by opening the momentum acceptance of
the beam. |

2. Spectrometer System

We propose to use a high-resolution forward V-spectrometer similar
in essence to the one presently operating in the M-3 line. A schematic
of the system is given in Fig. 3. The envisioned spectrometer would
consist of a mixture of drift-wire (DWC) and multi-wire proﬁbftional
chambers (MWPC). Although the system design is not yet fully completed,
we expect that the major features will be as shown in Fig. 3. The
system consists of a total of 650 drift wires spaced at 1 cm intervals,
and a total of 2700 proportional wires spaced at 2 mm intervals. (Only

the P1 MWFC trigger chamber will have 1 mm wire spacings.)



~10-~

Trajectories upstream of the.bending magnet will be détermined
utilizing two modules of drift-wire planes. Each module will consist
of two sets of x, ¥ and u (or v) planes; the two planes of similar
orientation will be off-set relative to each other by 0.5 cm so as to
remove left/right ambiguitiesflsﬁn addition to the DWC, we propose to

have a MWPC (P1) for triggering purposes immediately downstream of the

vacuum decay region.
The DWC system should provide + 0.2 mm spatial resolution
and the ability to locate the wertex of the V decay to
<10 cm accuracy along the beam direction. Should these estimates
prove to be too optimistic we would lengthen the distance to the magnet
by 3 meters thus doubling the lever arm. This would, however, reduce
our acceptance for high-mass two-body states.

Downstream of the magnet we propose to have two similar DWC-MWPC
modules. The active area of the most downstream
module will be 20" X 72" in size. The precision of the DWC elements
will provide excellent momentum reselutioq; the MWPC will provide adequate
performance in the fertical direction. Left/right ambiguities will be
resolved with the aid of the proportional chambers. A second triggering

MWPC (P2) will be located immediately downstream of the bending magnet.

3. Target and Veto Counters

The target (T) and the S trigger counter and some of the veto
counters would be located with a 5 meter-long vacuum decay  vessel (this
length corresponds to one decay length for 100 GeV/c Kg mesons ), Addi-
tional veto counters of lead/scintillator sandwiches will be positioned
outside of the decay vessel as well as on the face of the magnet. These

veto counters will be arranged to shadow the magnet aperture and
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consequently assure that no charged or neutral particles emerge from the
target in the region outside of the acceptance of the magnet.

Our Monte-Carlo simulations indicate that the ambiguity between Kg,

A° or K<3 decays will be essentially negligible; consequently, we will
not require particle identification during data taking {ambiguities will
be resolved via Q-value and fitting). We will therefore require only
the 5 meter vacuum tank to observe neutral-particle decays in order to
establish the correct mass assignments. -

The target assembly will have several rotational settings to provide
semi-concurrent data taking capability on various nuclei, as well as to
measure the background levels for target-empty subtractions. (This is
similar to a system recently used for transmission measurements in E#305.)

The target thickness will be typically <€0.2 radiation lengths of material

' so as to minimize measurement errors due to multiple-Coulomb scattering.

k, Photon Detection

The photon detectors YL and YR are presently envisioned to be of the
Caltech variety.(l6) Two identical units, each 20 inches X 30 inches in
size transverse to the beam will be required. The individual scintillator
elements will not be as narrow as those of the Caltech detector. We ex-

pect that 30 X 45 elements per unit would suffice for the *1.5 mm spatial

and % géz (Gev)% energy resolutions we require to achieve our
physics goals. Consequently, the entire device might require
150 phototubes. The photon detectors will be used as part of

the trigger logic for the experiment.

5. Magnet
We have planned the present experiment with a BM109
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analyzing magnet in mind. Although opening up the. gap would in-
crease the acceptance at high mass, it would also worsen the resolution.
Furthermore, a larger magnet aperture could only become of value if a

larger (and more expensive}_Y detector were to be constructed. Consequently,
the yields and resolutions, which appear to be quite adequate for the

task, have been calculated assuming the standard 8" x 24" aperture and

1 GeV/c transverse kick.

6. On-Line Computer System

Data acquisition will proceed, depending on scheduling restrictions,
either through the Rochester DEC PDP-15/CAMAC Control System, presently

in the M-3 beam, or through a Fermilab BISON PDP-lQ computer system.

IIY. Technical Details

1. Trigger Modes

We envision rumning in two trigger modes defined by the following

logic requirements:

v -
1) C « K+ 8 (PH<2)*PLR(>1)-P1L(>1)-P2(=3)-y
2) &+ K S (PH<2)*HLL(=1)-P2(=1)+yR+yL+-FIR
or &2 -8 (PH<2)+P1R(=1)+P2(=1)+yLeyR*P1L

The first mode corresponds to the conditions of the 0ld proposal
E272. Namely, we require the pulse height in the S counter to be that
of one minimum ionizing particle and insist that at least one charged

particle appear on each side (P1-Right and Pl-Left) of the beam center




line (in bending plane) at the exit window of the decay region. In
gddition, we require a total of three charged tracks to emerge from
the downsfream side of the magnet, and no other particles in any of the
veto counters (nor in the beam anti downstream of the apparatus). The
photon detectors will be tagged rather than put in as a trigger veto
unless the rates become prohibitive.

The second mode of operation requires the y-detectors. The trigger
demands that energy deposited in one of the ¥y detectors be correlated
with a single charged particle traversing the side of the Fl cﬁamber

opposite to that of the activated y-detector. Our plan is also to introduce

into the trigge; a requirement on the number of separated shower centers
in the vy detectors. For 300 GeV/c running we will reqﬁire only one shower
center in the y-detector (this will eliminate very few single 7° but a
major fraction of the n° -+ Yy events), while at 150 GeV/c we will accept
up to two large-pulse~height shower centers. We are confident that using
this scheme will provide us with a relatively ynbiased sample of single

™ (and single y) events accompanying single charged-particles produced

in the target. This requirement on the number of shower centers may be

essential to reduce background (see later).

2. Yields and Detection Efficiency

Figure 4 indicates the mass acceptance of our system.
Tables I and II display the envisioned event rates at 150 GeV/c
incident momentum for the reactions of interest, assuming a
target thickness of 0.2 radiation lengths of Pb. We see that the
nuclear coherent-production channels are in general comparable to
the Coulomb—prbduction cross sections. Although the expected
yields, particularly for reactions (3) and (4) are small, the

signals are clean and we do not forsee any
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difficulty in Kg - K separation. (The decays Kz > w+w- anﬁ A~ 5ﬂ*
are ambiguous for only a very restricted region of Kz > ﬁ+ﬂ~ kinematics.
Our K: mﬁss resolution will be superior to that attainable in the
30-inch ANL/FNAL bubble chamber in which the A—Kz ambiguity causes no
significant problems.)

We expect relative.yields on light nucleil from processes involving
other than Couwlomb production to be somewhat higher than yields ob-

tained on Pb.(g)

Consequently, for a 5 cm Be target the total rates at
150 GeV/c will be similar to those présen%ed in Tables I and IT (within
a. factor of two). At 300 GeV/c the expected K flux will be about &
factor of three below that at 150 GeV/c., The m yield will be approx~

imately unchanged.

3. Resolution>

The resolution in transverse momentum we expect for our apparatus
is ~15 MeV/c (even without using the constraints in the data, i.e.,
the mass of the Vee and energy balance at production). This resolutioﬁ
will be adequate for resolving the sharp coherent spike in t, and for
distinguishing the Coulomb contribution (peaking at tﬁEtmin) from the

less peaked spin-flip PP -exchange contribution (peaking at t~3/32(17) s

where IF(t)12=e-(R2/3)t and R is the radius of fhe nucleus) to the
coherent production process. Table III provides an indication of the
kind of mass and t resolution we expect for the proposed system.
Monte Carlo studies are still in progress to ascertain how fine a
grid is required for the Yy detectors (the present calculations assume
1.5 em strips of scintillator and *1.5 mm spatial resolution). The

overall resolution of the proposed system is comparable to that of

the E#305 spectrometer and is consequently well suited for the
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proposed studies.

4, Backgrounds

Because our total transverse momentum resolution for the coherently pro-
duced system is expgéted tofbe;seo MeV/c,we do not forsee any difficult back-
ground problems in off-line analysis. Excellent discrimination against
dissociations involving additional unobserved 7° mesons should be straight-
forward due to the overconstrained nature of the data. Also, as we men-
tioned earlier, we do not foresee any problem in resolving Vee ambiguities
such as between a,Kz and a A. Consequently, the only significant problem
we expect from background reactions is their effect on the data~-taking rate.

Beam particles not scattered in the target will interact in the thin
windows of the vacuum chamber. Although most of these window interactions

" will involve the production of more than just three charged forward
particles and will therefore be vetoed thréugh the requirement of having
three and only three tracks in the MWPC downstream of the vacuum chamber,
we expect nevertheless 10-20 interactions per pulse of the kind which will
have to be recorded as background triggers to Mode 1). These events will

subsequently be separated off-line from events of interest.

The backgrounds in the second mode of operation (from‘AI > 7 w°7°)
are large and require special care. For example, using ai%T interaction-
length Batarget (the worst case) may vrovide typically 400 possible
background tfiggers per pulse for lO6 beam particlesle)Having investigated
the resolution of the Caltech detector<l6) we believe that a factor of ten sup—
pression in triggering is feasible; thus we feel confident that we can reduce the
trigger rate to a managable level.(For K beam particles we cén afford a far
looser trigger.)

We emphasize again that we do not expeet any serious background to

the signal after performing post-line analysis; the background will be
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easily separable from the signal, and will only affect ﬁhe rate at which
data can be accummulated. Our calculations, based on production data

at 100 GeV/c, indicate that interactions in the windows of the vacuum
tank for a beam containing 106 particles will be at a manageable level.
And, in fact, if the background rates in Experiments #27 and #305 can
be used as a guide, then background levels for the present proposal

will also not be  problematic.

IV. Summary and Running Schedule

We propose to initiate the above described studies with a 300 hour ~

run at 150 GeV/c incident momentum. This time period should be adequate

for the full debugging of the apparatus as well as for providing a pre-
cise measurement of the radiati%e width of the p . (The initial tests

of the y detectors will be performed in a test beam at Fermilab or at
another accelerator.) Following the successful execution of the first
phase of the experiment we propose to complete our envisioned
vrogram with the measuremeﬁt of the other processes we have dis-

cussed in this proposal. We anticipate an additional 600 hours for the

completion of our program. This time will be allocated between two

energy points, half at 150 GeV/c and half at 300 GeV/c incident momentum.
At each energy we plan to take data using €0.2 radistion length Be, C,
Al, Cu, Sn and Pb targets, devoting sbout 50 hours per target per energy
in this exploratory investigation of diffractive phenomena. (fhe
three~particle dissocistion data will require less than 50 hours of
running time.) It is also worth contemplating a future measurement of

reaction (1) through (4) on a H, target. The H, measurements will
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require the high pressure gas target successfully utilized in E#305.
As for the time schedule for the development of the spectrometer

and ¥ detectors, we believe that we can obtain the required fundsrand

build the proposed system within a two year time period after the

formal approval of the experiment.
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Table

I

Estimated Yields at 150 GeV/e on Pb (Mode 1)

(a)

strong
coherent
(ub)

koo

200

20
50

6

(a)

UCoulomb

(ub)
200

100

160
160

80

Table II

Average
Efficiency

0.4

o0 O
= [\CIAV) B Y}

(o

BEstimated Yields at 150 GeV/c on Pb (Mode 2)

Mass
Reaction  (MeV)
P*K A <2000
K >Ap <3000
- O - 890
Kok 1420
—-— o-»
T +KSK 1310
Reaction Mass
(MeV)
- =0 890
KoKom 1420
T 760
- -0
T 7T N 1320
ppn° 1236

(a)

strong
coherent
(ub)

30
5

ko
25

~ 5 mb

GCoulomb
(ub)

2h0
240

525
285

- ~10 mb

(a)

Average(b)

Efficiency

0.8
0.4

0.8
0.2

0.8

(a) Contains corrections for all branching ratios.

vie1a'c)

Events

per spill 900 hours

0.01%.

0.018

0.018
0.0084

0.138

vieral®
per spill

0.043
0.025

1.81
0.25

0-7

5,600

7,200

7,200
3,360

55,000

Events

900 hours

17,300
10,000

7 x 10°

lO5

~3 X 10

(b) Contains all corrections for geometrical efficiency assuming a 5 meter

decay region for the V.

(¢) Assuming 106 T, 5 % iOh K and 1.5 X th P and a target of 1.3 gm/cm2 of Pb.

The beam composition is based on an extrapolation to 400 GeV/c primary

momentum of the measurements of W. Baker et al, Phys. Letters 51B,303 (197h).
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Table ITT

*
Typical Resolutions

Mass Resolution

Momentum K:w” Mass (GeV) K1 Mass (GeV)
1.0 2.0 1.0 2.0

150 GeV/c $0.01  #0.015 +0.01 +0.015

300 GeV/c +0.02 +0.025 #0.015  #0.025

Error in ppi ~ £ 15 MeV/e at 150 GeV/c

.

I+

20 MeV/c at 300 GeV/e
Effective slope in t for 6-function at t=0:
exp(2000 t) at 150 GeV/e

exp(1200 t) at 300 GeV/c

* Resolutions contain estimates of spatial resolution of #0.2 mm for
the drift chambers and #1.5 mm for the y-shower detectors. Energy
resolution of the y-detector is taken as #0.22/vE (ref. 16).

Multiple scattering errors included in calculations.




FIGURE CAPTIONS

Comparison of the recent measurement of the radiative
width of the K*(890)° at BNL (Reference 6) with expecta-
tions for K*(890)~ measurement at Fermilab., At Fermilab
energies the width measurement should not be sensitive

to the relative phase of the Coulomb and strong-production
amplitudes. (Information on the relative phase will, of
course, be extracted from the data.)

Data from Fermilab E27 displaying the dependence of the
Coulomb and diffractive process on t, M and 2 (Reference

ll) L]
Schematic of forward spectrometer proposea for E272,

Geometrical Acceptance of the proposed system for a
variety of final states. (We have assumed a 5 meter
decay region for the A and Kg particles.)
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Abstract
Cross sections for the coherent excitation of particles impinging
on nuclei rise dramatically with incident bombarding energy. Two pro-
cesses are held responsible for these projectile excitations: (1) the
interaction of the projectile with the nuclear Coulomb field, and
(2) the hedronic interaction between the colliding objects.‘ The first
process can be interpreted through asn analysis paralleling the Primakoff
effect, and can yield valuable information pertaining to radiative widths
of resonances produced through Coulomb dissociation. The second process,
usually referred tobas diffractive dissociation or Psmeranchukon exchange,
is not currently understood in any fundamental way. The two separate
types of interactions responsible for coherent dissociation are most
readilyvdistinguished through their differing dependences on nuclear mass,
nuclear charge, scattering energy and momentum transfer. We intend to
exaiine both processes in sufficient detail so ag to gain a significant
advance in the understanding of the overall dissociation phenomenon.
Specifically, thé objectivé of the experiment is the investigation,
with high statistics, of the decay angular distributions for, and the
dependénce 6n?mass, momentum transfer, target and energyJof the two-body
dissociation reactions: p + AOK*, ﬂ+ -+ K+K§, K+ -+ K:w+, and K+'+ Kp. The
Pomerenchukon contributions to the fragmentation of mesons into two other
mesons will be of particular interest. The reactions listed above have
not been examined extensively as yet due to their relatively low yields
at energies below the range of NAL. The study of these simple transitions
will add important information to our knowledge of coherent processes
and will probe in detail the nature of the Pomeranchukon trajectory in
the inelastic regime. We propose t? execute this experiment utilizing
g slightly modified form of the Northwestern-Rochester V-spectrometer

system.
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I. Physics Justification

(1)

The recent review of Berlad et al has emphasized the increasing

importance of electromagnetic effects in hadron-induced reactions at high

(2), Stodolsky(3), and Berlad et al have

energies. Nagashima and Rosen
stressed the great variety of exciting physics problems which can be probed
‘as a result of fhe dominance of the one-photon exchange mechanism at NAIL
energies. Of particular interest to us is the measurement, through the
Primakoff effect(h), of the radiative decay widths of the vector and
tensor mesons.

Scme of the most straightforward tests of unitéry symmetry schemes

(5)

are available via predictions relating such measurements . Radistive
widths of the p and of the K*(890) are presently being measured at BNL(S),
and the results will be of value. However, these measurements may not

be definitive due to backgrounds present at AGS energies. That is, in
order to measure the radiative decay width of, for example, the K*(890),
it is essential to extract the Coulomb part of the K¥(890) coherent pro-
duction amplitude. The diagram of interest for a K-meson impinging on

a nucleasr target of charge’Z is:

K K*(890)

Z

At AGS energies a large w® exchange amplitude also contributes to coherent
K*¥(890) production. The presence of this hadronic-exchange process makes
it difficult to separate out the Primakoff term required to obtain the
rate for the K*¥(890) - K + y decay.

Because the wp—exchange cross section falls rapidly with increasing

beam momentum (PL), while the Coulomb term grows substantially with PL’




it is clear that measurements, superior to those being performed at the
AGS, of the radiative widths of mesons, are feasible at NAL energies.
Also, measurements of the radiative widths of the tensor mesons (K¥(1420)
and A2), which cannot be performed at lower energies because of kinematic
damping (?min)’ are possible at NAL.

The cross section for the electromagnetic production of a resonance
of mass M¥ and spin S¥ in the Coulomb field of a target nucleus of charge

Z is given by:(h)

‘ t
do._ 25% + 1 2 m* 3 2 - min
dt 28 +1 w%2 _ 2 y' l

Here, t is the square of the momentum transfer to the nucleus, F(t) is

the nuclear form factor, tmin is the kinematic minimum for t,and FY is the
radiative width for the process M* + M + y. M and S are the mass and

spih of the impinging projectile particle.

Assuming SU3 values for the radiative widths of the vector mesons(s),
and similar rates for the tensor mesons, we have estimated (Table I) yields
from Coulomb-induced sources for the reactions:

%
. K* (890) + Z o +
K +2> bk Tz (1)
K* (1420)+ 2
+
. o' (760) + o s
Tz, } XK 2 (2)
A, (1320)+ %
(Although the peak of the p is about two full widths below the K K
threshold we expect some contribution from the p to reaction (2) due to
~ the Breit-Wigner resonance tails.) Interesting background processes are

also expected to contribute to both reactions. The sources of this back-

ground are the non-resonant photon-meson two-body scattering processes:



b

+ +

K +y+K§+1r

W+.+'Y*+K:+K+ﬁ

Agide from Coulomb production of objects such as the JP = 2+ A2 and
K¥(1420), we can also envision the strong production of these mesons via
Pomeranchukon (IP) exchange.(7) Although folklore has it that the cocherent
dissociation of mesons can only proceed via the "Morrison rule" (that is,
J . '

AP = (-1)"), this rule has not been tested under favorable -~ i.e., low
background—conditionsr Thus  far there appears to be essentially no evidence

(8)

for coherent A2 production on large nuclei in reactions such as:
T+ Z > TnnZ

However, these reactions contain large backgrounds from the Al, which make
] + ;

it difficult to discern the presence of a small JP = 2 component in the .-

data. Purthermore, if A2 production proceeds via I’—exchange, the cross

section must vanisgh at t = tmin (spin~flip is involved, with the production

*

amplitude being proportional to Vtmin ); consequently, there is strong

kinematic damping of coherent A2 production at low energies. As the in-
cident momenta increase we expect the IP -part of the coherent nuclear

smplitude for A2 productionvto also rise with energy due to a decrease

iﬁ tmin; (In addition, a small loéarithmic rise in the cross‘section may be
expected due to Regge shrinkage of the t—distribution; the finite slope of
the P trajectory will have the efféct of shifting the maximum in the differ-
| ential cross section toward t=0). Consequently, examining the coherently
produced two-meson mass spectrum at NAL energies will provide a stringent

test of the Morrison rule (away from t;tmin) and of our ideas concerning

the P trajectory in the inelastic regime. A reasonable estimate of the




total amount of A2 production through this process is = 5% of the A1
yield.(9)
Consequently, we expect reactions (1) and (2) to contain information
pertaining not only to the Coulomb-induced processes but also to phenomena
involving IP —exchange. The two separate contributions to reactions (1)

(10)

and (2) will differ significantly in their t- and Z-dependences s and
will provide two-body final states which can be analyzed in a simple manner
to extract radiative widths and relative magnitudes and phases of the two
production amplitudes.

Two other two-body processes which we wish to examine are the pre-

dominantly hadronic diffractive dissociations:

kKt z+Kpz - (3)

p Z+AK?Z , (4)

These reactions can also be used to examine the nature of the P trajectory

as well as to search for possible resonance structure(ll) in theAKp (K*)

system.(lg’lS)

We wish to stress that the A and K decays will provide us
with heretofore unavailable poiarization data for diffractive inelastic
channels.

We expect the Coulomb induced transitions for reactions (3):and (L)
to be comp;réble to the IP -exchange contributioné, and consequently,
we expect to observe contributions from both the nuclear and the Coulomb
processes. (As usual, the Coulomb cross sections will have a steeper
t-dependence and will scale like ZQ, while the IP -exchange cross section
will behave approximately as fF(t)]g, and have & very weak Z dependence

.z2/3, (10),

In addition to the two-body (charged-particle plus Vee) decays of
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coherently produced objécts, we plan to study for normaslization and com-

parison purposes the more usual three body decays:

T Z -+ WAL
XK 2 + Knnd

P Z + prnZ

These data can be obtained easily and rapidly through a minor modification
of the trigger in our spectrometer system.
We have extrapolated to 300 GeV/c primary momentum the Hagedorn-

(14) the

Ranft estimates given in the report on the Meson Laboratory;
estimated fluxes in the high-resolution beam M-1 for the positive and
negative components are shown in Fig. 1. In calculating the expected
yields in our proposed experiment, we have assumed "reasonable" radiative
widths (SUS predictions where available and an estimate from photo-pro-
duction cross sections for reaction (4)). Table I enumerates the results
of our Monte Carlo studies, in which we assumed a spectrometer system ’
identical to the Northwestern-Rochester system for NAL experiment 27,.
(the actual resolution of the equipment, however, may be superior to

that assumed due to the overconstrained nature of our event topology.)
Pigure 2 indicates the mass acceptance of our system. Monte Carlo

studies indicate that our mass resolution will be typically 5 MeV and
consequentiy be more than adequate for resonance searches. We will also
be able to examine the decay properties of the produced systems with

good efficiency when the A, Kz or K are produced in the forward hemiéphere
of the dissociated system's rest frame.

The anticipated event rates are >400 events/hr for positive beam

particles and 2200 events/hr for negative beam particles. We propose




to initiate these studies with a program requiring 600 hours of data
taking. This time will be allocated between two energy points, half st
100 GeV/c and half at 200 GeV/c¢c incident momentum. At each energy we
plan to take data using 0.2 radiaﬁion—length C, Ag and Pb targets, de~
"voting approximately 100 hours per target per energy in this exploratory
investigation of diffractive phenomena. (The three-particle dissociation

data will require less than 20 hours of running time.)

II. Experimentsl Equipment

The major hardware items which are ;equired for the execution of this
experiment are available at this time and are indicated schemaﬁically in
Fig. 3. Details of the target box arrangement are sketched in Fig. k.
The elements of importance are the following:
1. High energy and high intensity beam M-1 (3.5 mr) at the Meson
Lab. The high-resolution beam M-6 would also be acceptable.

2. Northwestern-Rochester Spectrometer System, including wide
aperture magnet (we assume a BM 109 magnet in calculating
rates). '

3. Additional proportional wire-plane chambers for trigger logic.

L., Six meter vacuum tank decay chamber.

The above items are discussed below.

1. Positively Charged Beam

We require a positively charged beam at 100 GeV/c and at 200 GeV/c
with %f's 0.15%, having a flux of 5106 protons distributed over a one
second spill time. We must be able to determine the identity of the pro-

Jectile particle and its angle to an accuracy of *0.02 mr or better.
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Conseguently, we requiré the presence of the tagging system which is planned

for the front part of the M-1 beam for Proposal #11k. In particular, we

need the two DISC and one threshold zounter in the beam, as well as the

two sets of proportional multi-wire planes preceding the target‘in the low

bay area of Meson Lab.

Spectrometer System

Our present spectrometer system consists of:

(1) Three 90" x 40" double spark chambers used downstream of the
wide aperture magnet; each double chamber has a set of vertical
wires, spaced EO per inch, and one set of diagonal wires at #15°
with respect to the vertical. Chambers have magnetostrictive

readout with pickup on both ends of the line.

(2) Three 30" X 60" double x-y chambers, also with magnetostrictive
readout. Each chamber, again with L0 Wires per inch, has an x and
8 y readout; one of these chambers is used downstream, while the.
other two are presently used upstream of the analyzing magnet. These
latter two will be replaced for this experiment with proportional-

wire chambers of comparable size.

(3) Target box and Vertex chambers. The present target box with
associated anti-counters will require only slight modification for
our new proposal. The set of proportional high resolution (<0.5mm)
vertex chambers will be improved to 6btain positional accuracy”éf
<0.2 mm, for an area of ~2 inche, through the use of miniature
Charpak chambers of the kind being developed at Yale University
(we are already proceeding in this direction on a development pro-

gram of our own).




(4) SAC-MIDAS Digitization system. No changes will be required for
the spark chamber system and readout. However, we are considering
converting the entire spark chamber system to proportional planes
for a second generation version of this experiment. This conversion

is dependent largely on availability of funding.

(5) DEC PDP-15/CAMAC Control System. This is a powerful analysis

unit which will not require modification for the present experiment.

(6) Wide Aperture Magnet. Our Monte Carlo éalculations are based
on the availability of a BML09 magnet. We have indicated in several
figures by how much a 48DL8 would improve the data-taking rate.
Although it is clear that a L8DL8 magnet is most desirable, it is
alsp unquestionable that a BM109 will suffice for the first stage

of our proposed experiment.

3. Large MWPC

Wé are presently constructing a facility for building multi-wire pro-
portional chambers (MWPC) of the 30" x 60" variety. We are planning to
build chambers with vertical and #15° wires having 2mm spacings. We re-
quire two chambers of this size (these will suffice for the L48DL8 magnet)
to replace the two standard 30" x 60" spark chambers which are upstream
of the BM109 magnet in Proposal #27. We have alreédy built chambers of
about helf this size and feel confident that their construction will not
present any difficulty. These two chambers will be used in the trigger
logicAto establish a "three and only three" charged-tracks condition for

coherent production.
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k.  Decay Vacuum Chamber

Our Monte~Carlo simulations indicate that the ambiguity between
K:, A° or K‘D decays will be essentially negligible; consequently, we
will not require particle identification during data taking (ambiguities
will be resolved via Q-value and fitting). We therefore require only a
6 meter vacuum tank for neutral particle decay. Near the windows of the
tank we will place anti-counters so as to reduce background rates from
beam interasctions in the windows which would simulate our trigger. The
vecuum tank can be a 6 meter % 0.3 meter pipe (manufactured from 1/4"
aluminum) with <10 mil mylar windows. Tapering mighf reduce the re-
quired window thickness and the amount of material in the beam. A MWPC
in front of the vacuum-tank window will be used as a threshold anti-counter
(pulse-height information) to eliminate any three-charged-particle
coherent dissociation background (i.e.3 pulse heights 22 minimum will

veto the event).

ITI. Technical Details

1. Yields and Detection Efficiency
Tablé i displays thé envisioned event rates at 150 GeV/c incident
momentum for the reactions of interest assuming a target thickness §f 0.2
radiation lengths of Pb. We see that thé nuclear coherent-production
channels are in general comparable to the Coulomb-production cross sections.
“Although the expected yields, particularly for reaction (3), are small,
the signals are clean and'we do not forsee any difficulty in K: - A
separation. (The decays Kg > and K > 3T are ambiguous for §nly a

' . . - . o .
very restricted region of K: > 7 7 kinematics. Our Ks mass resolution
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will be superior to that attainable.in the 30-inch ANL/NAL bubble chamber
in which the A-KS ambiguity causes no significant problems. )

We expect yields on light nuclei from processes involving other than
Coulomb production to be comparable to yields obtained on Pb.(s) Con-
sequently, total rates similar to those presented in Table I should {within
a factor of two) also be expected for a 0.2 radiation lengths C target.

It is also worth contemplating a future measurement of reactions (1) through

(k) on a H2 target. The H
(15)

o measurements will require detection of the re-

coil proton.

’2f Backgrounas

Because our total transverse momentum resolution for the threeAcharged
tracks is ex?ected to be $10 MeV/e, we do not forsee any difficult back-
ground problems in off-line analysis. Excellent discrimination against
dissociations involving additional unobserved 7° mesons should be straight-
forward due to the overconstrained nature of the data. Also, as we men—
tioned earlier, we do not forsee any problem in resolving Vee ambiguiéies
such as between a K: and a . Consequently, the only significant problem
we expect from background reactions is their effect on the data-taking rate.

Beam particles not scattered in the target will interaect in the thin
windows of the vacuum chamber., Although most of these window interactions
will involve the production of more than jgst three charged forward
particles and will therefore be vetoed thfough the requirement of having
three and only three tracks 1in the MWPC downstream of the vacuum chamber,
we expect nevertheless 10-20 interactions of the kind which will have to
be recorded. These events will subsequently be separated off-line from

‘events of interest. In NAL Experiment #27 we will be able to ascertain



http:attainable.in

1D

more fully the nature of this sort &f background and, if fequifed, we will
place addifional snti-counters near the mylar windows near and inside the
vacuum tank.

" We emphasize again that we do not expect any serious background to
the signal after performing post-line analysis§ the background will be
easily separable from the signal, and will only affect the rate at which
data can be accummulated. Our calculations, based on production data
at 100 GeV/c, indicate that interactions in the windows of the vacuum
tank for a positive beam containing 2 X 106 particles will be at a manageable
level. However, iflbackground rates for Experiment #27 are larger than
anticipated, we are prepared to replace the present large spark chambers

with equivalent proportional planes.

3. Resolution

As discussed in NAL Proposal #27, the reéolution in transverse
momentum we expect for our apparatus is ~10 MeV/c (even without using‘the
constraints in the data, i.e., the mass of the Vee and energy balance at
production). This resolution will be adequate for resolving the sharp
coherent spike in t, and for distinguishing the Coulomb contribution
(peaking at t = thin) from the less peaked spin-flip P ~exchange con=-

(B30t

N . 2 (16) 2
tribution (peaking at t ~ 3/R , where |F(t)|° = and R is

the radius of the nucleus) to the coherent production process.
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TABLE T

ESTIMATED PRODUCTION RATES WITH A 150 GeV/c BEAM

Reaction Resonance Strong(a) o (a) Nuclear (E) Coulomb (b) Expected Beanm Total
Masses Coher. Coul. Coherent Coherent Positive Negative Events
(Pb) (Pb) Events Events + - Per Spill
‘ per 10° Beam per 10° Beam Charge Charge  (+ Beam)
P + KA $2000 ~200ub ~200ub 0.1 0.1 lO6 2><1O5 0.2
- L Y
K-> AP <3000 ~100ub >100ub 0.05 0.05 3X10 10 0.003
+ o+ . 1k2o ~ TOub ~ 2mb 1Y L
L] Ql
K »-X7 890 ~ ~  omb 0.05 3.0 3%10 10 0
+ o * 6 6
T > KK 1300 ~ 20ub ~200ub 0.02 0.2 10 10 0.2
(a) Contains all branching ratio corrections.

(v) Positive beam yields containing all efficiency corrections.
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